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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mmvention relates to a method of manufacturing a
semiconductor device, and more particularly, to a method of
manufacturing a semiconductor device having copper wiring.

2. Background Art

Copper (Cu) has been employed as a wiring material in
semiconductor devices. Copper 1s advantageous 1n that 1t 1s
lower 1n resistance than aluminum (Al), with 1ts permissible
current in reliability being greater by two or more orders of
magnitude than Al. Accordingly, the comparison between
copper and aluminum leads to the fact that when using copper
in order to obtain the same level of wiring resistance, the film
thickness can be made smaller, with the possibility that the
capacitance between wiring 1s reduced.

On the other hand, copper has the problem that 1t exhibits
a high diffusion velocity in a silicon (S1) film or a silicon oxide
(S10,) film. In order to solve this problem, 1t has been usual to
provide a multi-layered wiring structure (see, e.g., Japanese
Patent Laid-open No. 10-261713).

Reference 1s now made to a copper wiring procedure 1n a
multi-layered wiring structure. Initially, a first trench 1s
formed 1n a first silicon oxide film. After the formation of a
barrier metal film for preventing copper from being diffused
toward the inner walls of the first trench, copper 1s buried in
the first trench to form a first wiring layer. Next, after the
formation of a silicon nitride (S1;N,) film on the first silicon
oxide film so as to cover the first wiring layer therewith, a
second silicon oxide film 1s formed on the silicon nitride film.
Subsequently, the second silicon oxide film and the silicon
nitride {ilm are, respectively, etched to form a via hole and a
second trench. Thereatter, the via hole and the second trench
are, respectively, formed with a barrier metal on the 1ner
surfaces thereot, and copper 1s buried in the via hole and the
second trench, thereby forming a via plug and a second wiring
layer. According to the steps set out hereinabove, the first
wiring layer and the second wiring layer are electrically con-
nected with each other through the via plug to form copper
wiring having a multi-layered wiring structure.

In the above copper wiring procedure, when the via hole
and the second trench are formed, the second silicon oxide
f1lm 1s etched to reach the surface of the silicon nitride film.
Then, the silicon nitride film 1s etched with a mixed gas of
tetrafluoromethane (CF,) and oxygen (O, ), or amixed gas of
trifluoromethane (CHF ) and oxygen as an etching gas. In this
way, copper for forming the first wiring layer 1s exposed to at
the bottom of the via hole.

However, a fluorine-based deposit derived from the etching
gas for the silicon nitride film 1s left on the copper surface
immediately after the etching, with the attendant problem that
the reaction between the fluorine and the copper enables a
fluorine-containing polymer film to be formed on the copper
surface. The formation of such a polymer film creates such a
state that a native oxide film on the copper surface 1s unde-
sirably broken. In this condition, 1f the semiconductor sub-
strate 1s removed to outside of the etching chamber, the cop-
per reacts with moisture 1n air thereby causing the copper to
be corroded.

SUMMARY OF THE INVENTION

In view of the problems set above, the invention has been
accomplished. It 1s therefore an object of the mvention to
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provide a method for manufacturing a semiconductor device
wherein a contaminant containing a fluorine-containing poly-
mer 1s removed from an exposed copper surface to provide
such a state that a native oxide film 1s formed on the copper
surface, thereby suppressing the copper from being corroded.

According to one aspect of the present invention, 1n a
method of manufacturing a semiconductor device, a substrate
having a copper wiring 1s prepared. An insulating film 1s
formed on the copper wiring. The insulating film 1s etched
with a gas containing fluorine to form an opening reaching the
copper wiring. A plasma treatment 1s carried out on a surface
of copper exposed at a bottom of the opening without turning
plasma discharge off after forming the opening in the same
chamber as the formation of the opening.

According to another aspect of the present invention, 1n a
method of manufacturing a semiconductor device, a substrate
having a copper wiring 1s prepared. An insulating film 1s
formed on the copper wiring. The isulating film 1s etched
with a gas containing fluorine to form an opening reaching the
copper wiring. A plasma treatment 1s carried out on a surface
of copper exposed at a bottom of the opening. The formation
of the opeming and the plasma treatment are carried out in the
same chamber. After forming the opening, the plasma dis-
charge 1s once stopped and the chamber 1s evacuated, and
thereatter, the plasma treatment 1s carried out.

According to other aspect of the present invention, 1n a
method of manufacturing a semiconductor device having a
multi-layered wiring structure, a first interlayer insulating
film 1s formed on a semiconductor substrate. A trench 1s
formed 1n the first interlayer msulating film. A first barrier
metal layer 1s formed 1nside the trench. A first copper layer 1s
buried through the first barrier metal layer in the groove to
form a first wiring layer. A silicon nitride film 1s formed on the
first interlayer mnsulating film and the first wiring layer. A
second interlayer msulating film 1s formed on the silicon
nitride film. The second 1nterlayer insulating film 1s etched to
expose part of the silicon nitride film. The exposed silicon
nitride film 1s etched with a gas containing fluorine to form a
via hole exposing the first copper layer. A plasma treatment 1s
carried out on the exposed first copper layer to remove a
contaminant containing a polymer containing tfluorine. A sec-
ond barrier metal {ilm 1s formed inside the via hole. A second
copper layer 1s buried through the second barrier metal film 1n
the via hole to form a via plug.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial sectional view of a semiconductor device
according to the present mvention.

FIGS. 2A-2E show a method of manufacturing a semicon-
ductor device according to the present invention.

FIG. 3 shows a method of manufacturing a semiconductor
device according to the present invention.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

The embodiments of the mnvention are described in detail
with reference to the accompanying drawings.

First Embodiment

A method of manufacturing a semiconductor device
according to an embodiment of the invention 1s characterized
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by comprising the steps of forming an insulating film on
copper wiring, etching the insulating film by use of a fluorine-
containing gas to form an opemng reaching the copper wir-
ing, and subjecting, after the step of forming the opening, the
surface of copper exposed at a bottom of the opening to
plasma treatment continuously 1n the same chamber without
stopping plasma discharge.

FI1G. 1 1s a partial sectional view illustrating a wiring struc-
ture of a semiconductor device according to this embodiment.

As shown 1n FIG. 1, the semiconductor device of the
embodiment has a multi-layered wiring structure.

More specifically, a first interlayer insulating layer 1, such
as a silicon oxide (510, ) film or the like, formed on a semi-
conductor substrate (not shown) 1s formed with a first trench
2 for burying of wiring therein. A first barrier metal film 3 for
preventing copper (Cu) from being diffused 1s formed on the
iner surfaces (1.e. mner walls and a bottom surface herein
and whenever they appear hereinatter) of the first trench 2.
The first barrier metal film 3 used may be made, for example,
of a titantum (TiN) film, a tantalum nitride (TaN) film or the
like. A first copper layer 4 1s buried 1n the first trench 2 1n
which the first barrier metal film 3 has been formed, thereby
forming a first wiring layer 5.

A second interlayer insulating film 7 1s formed on the first
interlayer msulating film 1 and the first wiring layer 3 via a
silicon nitride (S1,N ) film 6 serving as an insulating film. For
example, a silicon oxide film may be used for the second
interlayer insulating film 7. A via hole 8 and a second trench
9 are formed 1n the second interlayer insulating film 7 over the
first wiring layer 5, and a second barrier metal film 10 1s
formed on the mner surfaces thereof 1n order to prevent dii-
fusion of copper. For example, a titanium mtride film or
tantalum nitride film may be used for the second barrier metal
film 10. A second copper layer 11 1s buried 1n the via hole 8
and the second trench 9, in which the second barrier metal
f1lm 10 has been formed, thereby forming a via plug 15 and a
second wiring layer 12.

With such a structure, the first wiring layer 5 and the second
wiring layer 12 are electrically connected with each other
through the via plug 185.

Next, a description 1s now made of the method for manu-
facturing the semiconductor device according to the mven-

tion with reference to FIGS. 2A to 2E and FIG. 3. It will be
noted that in FIGS. 2A to 2E and FIG. 3, like reference
numerals indicate like portions or members as 1n FIG. 1.

Initially, the first trench 2 1s formed by etching the first
interlayer msulating film 1 formed on a semiconductor sub-
strate (not shown), and the first barrier metal film 3 1s formed
on the 1inner surfaces of the first trench 2. Thereatter, the first
copper layer 4 1s buried in the first trench 2 to form the first
wiring layer 5 (FI1G. 2A).

More specifically, the procedure of forming the first wiring,
layer includes the steps of forming the first interlayer insulat-
ing film, etching the first interlayer mnsulating film to form the
first trench, forming the first barrier metal film on the 1nner
surfaces of the first trench, and forming the first copper layer
inside the first trench through the first barrier metal.

The first trench can be formed by anisotropic plasma etch-
ing with an etching gas such as, a mixed gas of hexatluorob-
utadiene (C,F), oxygen (O,) and argon (Ar), or a mixed gas
of as octatluorobutene (C,F,) and argon.

The formation of the first barrier metal film and the burying
of the first copper layer can be performed in the following
way. Initially, a barrier metal film such as a titantum nitride
film or tantalum nitride film 1s formed by a chemical vapor
deposition method (hereinafter referred to as CVD method)
or a sputtering method, followed by formation of a copper
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layer. Subsequently, the copper layer and the barrier metal
f1lm are polished according to a chemical mechanical polish-
ing (heremafiter referred to as CMP) method. In this way, the
copper layer and the barner metal film are left only 1nside the
first trench.

The formation of the first barrier metal film and the burying
of the first copper layer may be performed by other methods,
respectively. For instance, after the formation of the barrier
metal film only inside the first trench by CVD and CMP
methods, the copper layer may be buried 1n the mside of the
first trench by a plating method using an electrolytic solution
based on copper sulfate (CuSO,).

Next, as shown in FIG. 2B, a silicon nitride film 6 1s formed
over the first interlayer isulating film 1 and the first wiring
layer 5. The silicon mitride film 6 may be formed, for example,
by a CVD or sputtering method.

Subsequently, as shown 1n FIG. 2C, the second interlayer
insulating film 7 1s formed on the silicon nitride film 6. For
instance, a silicon oxide film may be formed by a CVD or

sputtering method for use as the second interlayer insulating
f1lm.

Next, the via hole and the second trench e for second wiring
layer are, respectively, formed.

First, using a photolithographic technique, the second
interlayer insulating film 1s anisotropically etched. More spe-
cifically, using a resist pattern (not shown) formed on the
second interlayer insulating film 7 as a mask, the second
interlayer isulating film 7 1s etched to an extent of reaching
the silicon nitride film 6. In other words, this etching enables
part of the surface of the silicon nitride film 6 to be exposed.
For an etching gas, there can be used, for example, a mixed
gas of hexatluorobutadiene (C,F ), oxygen (O,) and argon
(Ar), or a mixed gas of octafluorobutene (C,F,) and argon.
Next, the exposed silicon nitride film 6 1s etched to cause the
first copper layer 4 of the first wiring layer 5 to be exposed.

According to the etching treatments set out hereinabove,
the via hole 8 and the second trench 9 can be made as 1s
particularly shown i FIG. 2D.

The silicon nitride film 6 may be etched by anisotropic
plasma etching using a fluorine-containing gas. Examples of
the fluorine-containing gas include gases containing tet-
rafluoromethane or trifluoromethane. Specific examples
include a mixed gas of tetralfuoromethane and oxygen, a
mixed gas of tetralfuoromethane, oxygen and argon, a mixed
gas of trifluoromethane and oxygen, and a mixed gas of
trifluoromethane, oxygen and argon.

In the method of manufacturing a semiconductor device
according to the invention, after completing of the etching
step of the silicon nitride film, the cleaning step of removing
a contaminant formed on the exposed surface of the first
copper layer 1s carried out. The term “‘contaminant™ used
herein means a fluorine-containing polymer film formed by
reaction between fluorine and copper, or a fluorine-contain-
ing polymer film deposited on the copper.

In the practice of the mvention, 1t 1s preferred that the
semiconductor substrate, particularly, the exposed surface of
the first copper layer 1s not in contact with air. More specifi-
cally, the etching and cleaning steps of the silicon nitride
should preferably be carried out in the same chamber.

Examples of the etching systems usable 1n the etching and
cleaning steps of the silicon nitride film include a parallel
plate etching system, an electron cyclone etching system, and
an inductive coupling etching system.

The cleaning step can be particularly carried out by sub-
jecting the surface of the first copper layer to plasma treat-
ment.
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After completing the etching step of the silicon nitride film,
a gas for plasma treatment 1s introduced into the chamber. For
example, argon, oxygen, hydrogen (H,), nitrogen (N,), a
mixed gas of hydrogen and nitrogen, a mixed gas of oxygen
and argon, a mixed gas of nitrogen and argon, or a mixed gas
of hydrogen and argon may be introduced into the chamber.
In this embodiment, the above-mentioned gas 1s converted
into a plasma subsequent to the conversion, into a plasma, of
the etching gas used 1n the etching step of the silicon nitride
film. More specifically, the plasma discharge that has been
continuedly carried out 1n the etching step i1s not stopped.,
followed by the cleaning step. It will be noted that the con-
version nto plasma may be carried out by any of arbitrary
methods, which include a method using irradiation with a
microwave, and a method based on inductive coupling or
capacitive coupling by use of high frequency

Next, RF bias power 1s applied between facing electrodes
placed 1n the etching system. More specifically, bias power 1s
applied between an electrode supporting the semiconductor
substrate and a counter electrode that 1s 1n face-to-face rela-
tion with the first-mentioned electrode through the semicon-
ductor substrate. This permits argon 1ons, oxygen 1omns,
hydrogen 1ons or nitrogen 1ons generated in the resultant
plasma to be attracted toward one of the electrodes by the
coulomb force. Accordingly, when the semiconductor sub-
strate 1s placed at an appropriate position between the elec-
trodes, the 1ons 13 are allowed to collide with the surface (1.¢.
copper and fluorine atoms ) of the first copper layer 4 as shown
in FIG. 3. The 1ons 13 generated in the plasma has high
energy, so that the collision and reaction with the copper
atoms and fluorine atoms existing 1n the surface of the first
copper layer 4 enables a polymer film 14 to be removed.

An 1nstance of the cleaning step 1s described below.

An etching system, which has a pair of facing electrodes
composed of an upper electrode and a lower electrode and the
lower electrode serves as a holder for semiconductor sub-
strate, 1s used. The etching system may be of any type includ-
ing a parallel plate type, an electron cyclone type or an induc-
tive coupling type. The semiconductor substrate 1s placed on
the lower electrode 1n such a way that the exposed surface of
the first copper layer 1s turned toward the side of the upper
clectrode. Next, a mixed gas of argon and oxygen is intro-
duced into the chamber, with 1ts pressure being kept, for
example, at 50 mTorr. The flow rate of the introduced gas 1s,
for example, at 400 sccm for the argon gas and 20 sccm for
oxygen gas. Power of 1,400 W 1s applied to the upper elec-
trode, and power of 1,000 W 1s applied to the lower electrode,
under which argon and oxygen 10ns generated 1n the plasma
are allowed to collide with the surface of the first copper layer.

It 1s preferred that throughout the etching and cleaning
steps of the silicon nitride film, the surface temperature of the
clectrode serving as a holder supporting the semiconductor
substrate 1s set at 25° C. or below. This can suppress the
positive oxidation reaction of copper from occurring as would
otherwise take place in the case where the oxygen gas 1s
introduced 1nto the chamber. In the above 1nstance, the sur-
face temperature of the lower electrode can be set, for
example, at 20° C.

When the high-energy 10ns, such as the argon and oxygen
1ions, are brought into collision with the exposed surface of the
first copper layer subsequent to the etching step of the silicon
nitride film, a fluorine-containing polymer film can be
removed from the surface of the first copper layer. In addition,
the fluorine atoms attached to the surface of the first copper
layer can also be removed, so that the formation of a fresh
polymer film can be prevented. Thus, a native oxide film can
be formed uniformly over the surface of the first copper layer,
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under which 1f the semiconductor substrate 1s removed to the
outside of the chamber, the copper 1s not corroded by the
action of moisture 1n atr.

Since a native oxide film plays a role 1in preventing the
corrosion of copper, 1t 1s sullicient that the film 1s formed
thinly on the uppermost surface of the exposed first copper
layer. On the other hand, 1n the case where an oxygen gas 1s
introduced into the chamber 1n the cleaning step, copper 1s
oxidized by means of the oxygen gas. The oxidation in this
case 1s positive oxidation of copper, unlike the oxidation
involved 1n the formation of the native oxide film. Accord-
ingly, 1t 1s preferable to suppress the reaction so that the
oxidation of copper does not proceed so far. According to this
embodiment, the oxidation reaction of copper can be sup-
pressed by keeping the surface temperature of the electrode
supporting the semiconductor substrate at 25° C. or below. In
this connection, the lower limit of the surface temperature of
the electrode 1s not critical so far as 1t does not adversely atfect
the plasma treatment.

After completion of the cleanming step, the via hole 8 and the
second trench 9 are formed therein with the second barrier
metal 10 and buried with the second copper layer 11. Specifi-
cally, the following procedure 1s carried out.

Initially, a barrier metal film, such as a titanium film or
tantalum nitride film, 1s formed by a CVD or sputtering
method, followed by further formation of a copper layer
thereover. Subsequently, the copper layer and the barrier
metal film are polished by a CMP method. Thus, the copper
layer and the barrier metal film can be left only 1nside the via
hole and the second trench.

The formation of the second barrier metal film and the
burying of the second copper layer may be performed by
other methods. For instance, a barrier metal 1s left only in the
inside of the second trench by CVD and CMP methods, after
which copper may be buried inside the second groove by a
plating method using a copper sulfate-based (CuSQO,) elec-
trolytic solution.

According to the steps set out hereinabove, the first wiring
layer 5, via plug 15 and second wiring layer 12 can be formed
(F1G. 2E). The second wiring layer 12 is electrically con-
nected with the first wiring layer 12 through the via plug 15.

In this embodiment, although the silicon nitride film 1s
formed between the first interlayer insulating film and the
second interlayer insulating film, the invention 1s not limited
to this formation. Other types of film may be used for the
insulating film insofar as 1t can be etched by means of a
fluorine-containing etching gas.

Although the mstance of forming the first wiring layer and
the second wiring layer has been described 1n this embodi-
ment, the invention 1s not limited to this instance. When like
steps are repeated the desired number of times, a third wiring
layer, a fourth wiring layer and the like layers may be formed
over the second wiring layer.

According to the embodiment, when argon 1ons, oxygen
ions and the like are allowed to collide against and react with
the copper layer surface subsequent to the etching step of the
silicon nitride film, a fluorine-contaiming polymer film and
the like may be removed from the copper layer surface. This
enables formation of a native oxide film on the exposed sur-
face of the copper layer, so that the corrosion of the copper
through reaction between moisture in air and the copper can
be prevented.

According to the embodiment, when the surface tempera-
ture of an electrode supporting the semiconductor substrate 1s
kept at 25° C. or below, progress in oxidation of copper with
an oxygen gas in the chamber can be suppressed.
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Second Embodiment

The method for manufacturing a semiconductor device
according to this embodiment is characterized by comprising
the steps of forming an insulating {ilm on a copper wiring,
subjecting the mnsulating film to plasma etching by use of a
fluorine-containing gas to form an opening reaching the cop-
per wiring, once stopping plasma discharge and evacuating,
the chamber after the formation of the opening, and subject-
ing an exposed surface of copper at the bottom of the opening
to plasma treatment in the same chamber.

The wiring structure of the semiconductor device accord-
ing to this embodiment 1s similar to the structure illustrated 1n
the first embodiment with reference to FIG. 1.

Next, with reference to FIGS. 2A to 2E, the method for
manufacturing the semiconductor device of this embodiment
1s described.

A first wiring layer as shown in FIG. 2A 1s formed. This
layer can be formed 1n the same manner as 1n the first embodi-
ment.

Next, as shown in FIG. 2B, a silicon nitride film 6 1s formed
over a first interlayer insulating film 1 and a first wiring layer
5. The silicon nitride film 6 can be formed, for example, by a
CVD or sputtering method.

Subsequently, as shown 1 FIG. 2C, a second interlayer
insulating film 7 1s formed on the silicon nitride film 6. For
instance, a silicon oxide film 1s formed by a CVD or sputter-
ing method to provide the second interlayer msulating film.

Next, a via hole 8 and a second trench 9 for second wiring
layer are formed.

For this purpose, a photolithographic method 1s used for
anmisotropically etching the second interlayer mnsulating film
7. More specifically, a resist pattern (not shown) formed on
the second interlayer insulating film 7 1s provided as a mask,
through which the second interlayer insulating film 7 1s
etched to an extent of reaching the surface of the silicon
nitride film 6. For the etching gas, a mixed gas of hexatluo-
robutadiene (C,F), oxygen (O, ) and argon (Ar), amixed gas
of octatluorobutene (C,F) and argon or the like. Next, the
exposed silicon nitride film 6 1s further etched thereby caus-
ing the first copper layer 4 of the first wiring layer 5 to be
exposed.

According to the above-mentioned etching treatments, a
via hole 8 and a second trench 9 can be formed as shown in
FIG. 2D.

The silicon nitride film 6 can be etched by anisotropic
plasma etching using a fluorine-containing gas. Examples of
the fluorine-contaiming gas include gases containing tet-
rafluoromethane or trifluoromethane. More specifically, there
can be used a mixed gas of tetrafluoromethane and oxygen, a
mixed gas of tetrafluoromethane, oxygen and argon, a mixed
gas of trifluoromethane and oxygen, or a mixed gas of trii-
luoromethane, oxygen and argon.

This embodiment 1s characterized in that after the step of
ctching the silicon nitride film, the chamber 1s evacuated 1n
such a state that plasma discharge 1s turned oif whereby a
fluorine-containing gas or the fluorine component derived
from a tfluorine-containing gas 1s substantially removed from
the chamber.

More specifically, according to this embodiment, the
cleaning step illustrated with respect to the first embodiment
1s carried out after removing an etching gas component, such
as fluorine molecules, attached to the inside of the chamber
and the semiconductor substrate as much as possible. This
permits the fluorine molecules and the like attached to the
inside of the chamber to be prevented from attaching to the
semiconductor substrate. In addition, the fluorine molecules
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attached to the surface of the semiconductor substrate can be
removed to an extent. Accordingly, a contaminant can be
substantially completely removed from the surface of the first
copper layer 1n the next cleaning step.

After the substantial removal of the etching component
through the evacuation of the chamber, the cleaning step
illustrated in the first embodiment 1s carried out. It will be
noted that 1n the second embodiment, the etching step of the
silicon nitride film, the removing step of an etching gas by
evacuation and the cleaning step are performed 1n the same
chamber.

Examples of the etching systems usable in the second
embodiment include a parallel plate etching system, an elec-
tron cyclone etching system, and an inductive coupling etch-
Ing system.

The cleaning step can be carried out in the same manner as
in the first embodiment.

Initially, a gas for plasma treatment 1s introduced into the
chamber. For 1nstance, argon, oxygen, hydrogen (H, ), nitro-
gen (N,), a mixed gas of hydrogen and nitrogen, a mixed gas
of oxygen and argon, a mixed gas of nitrogen and argon, or a
mixed gas of hydrogen and argon, or the like may be intro-
duced into the chamber.

Next, plasma discharge 1s turned on thereby converting the
gas 1nto a plasma. The plasma conversion may be effected by
any of arbitrary methods including a method using irradiation
with a microwave, and an inductive or capacitive coupling
method using high frequency.

Next, RF bias power 1s applied between facing electrodes
placed 1n the etching system. More specifically, bias power 1s
applied between an electrode supporting the semiconductor
substrate and a counter electrode that 1s 1n face-to-face rela-
tion with the first-mentioned electrode through the semicon-
ductor substrate. This permits argon 1ons, oxXygen 1ons,
hydrogen 10ons or nitrogen 1ons generated in the resultant
plasma to be attracted toward one of the electrodes by the
coulomb force. Accordingly, when the semiconductor sub-
strate 1s placed at an appropriate position between the elec-
trodes, the 1ons 13 are allowed to collide with the surface (1.¢.
copper and fluorine atoms ) of the first copper layer 4 as shown
in FIG. 3. The 1ons 13 generated in the plasma has high
energy, so that the collision and reaction with the copper
atoms and fluorine atoms existing in the surtace of the first
copper layer 4 enables a polymer film 14 to be removed.

In this way, the contaminant containing a fluorine-contain-
ing polymer can be efficiently removed from the surface of
the copper layer by allowing high-energy 1ons, such as argon
10n or oxygen 1ons, to collide against the surface of the copper
layer after the evacuation of the chamber subsequent to the
ctching step of the silicon nitride film. Accordingly, 1t 1s
becomes possible to uniformly form a native oxide film on the
exposed surface of the copper layer, under which 11 the semi-
conductor substrate 1s removed to outside of the chamber,
copper 1s not corroded with moisture 1n air.

Since a native oxide film plays a role i preventing the
corrosion of copper, 1t 1s sullicient that the film 1s formed
thinly on the uppermost surface of the exposed copper layer.
On the other hand, in case where oxygen gas 1s 1troduced
into the chamber 1n the cleaning step, copper 1s oxidized by
means of the oxygen gas. The oxidation in this case 1s positive
oxidation of copper, unlike the oxidation nvolved in the
formation of the native oxide film. Accordingly, 1t 1s prefer-
able to suppress the reaction so that the oxidation of copper
does not proceed so far. As stated 1n the first embodiment, the
oxidation reaction of copper can be suppressed by keeping the
surface temperature of the electrode supporting the semicon-
ductor substrate at 25° C. or below. It will be noted that the
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lower limait of the surface temperature of the electrode 1s not
critical so far as 1t does not adversely affect the plasma treat-
ment.

After completion of the cleaning step, the viahole 8 and the
second trench 9 are, respectively, formed therein with a sec-
ond barrier metal 10 and buried with a second copper layer 11.
Specifically, the following procedure 1s carried out. Initially,
a barrier metal film, such as a titanium film or tantalum nitride
f1lm, 1s formed by a CVD or sputtering method, followed by
turther formation of a copper layer thereover. Subsequently,
the copper layer and the barrier metal film are polished by a
CMP method. Thus, the copper layer and the barrier metal
f1lm can be leit only mnside the via hole and the second groove.

The formation of the second barrier metal film and the
burying of the second copper layer may be performed by
other methods. For instance, a barrier metal 1s left only 1n the
inside of the second trench by CVD and CMP methods, after
which copper may be buried 1nside the second trench accord-
ing to a plating method using a copper sulfate-based (CuSO,,)
clectrolytic solution.

According to the steps set out hereinabove, the first wiring
layer 5, via plug 15 and second wiring layer 12 can be formed
(FIG. 2E). The second wiring layer 12 1s electrically con-
nected with the first wiring layer 12 through the via plug 15.

In this embodiment, although the silicon nitride film 1s
formed between the first interlayer insulating film and the
second interlayer insulating film, the invention 1s not limited
to this formation. Other type of film may be used 1nsofar as 1t
can be used as an insulating film and can be etched by means
of a fluorine-containing etching gas.

Although the instance of forming the first wiring layer and
the second wiring layer has been stated in this embodiment,
the invention 1s not limited to this instance. When like steps
are repeated the desired number of times, a third wiring layer,
a fourth wiring layer and the like layers may be formed over
the second wiring layer.

According to the embodiment, etching gas components
attached to the inside of the chamber and the surface of the
semiconductor substrate can be removed by evacuation of the
chamber subsequent to the etching step of the silicon nitride
film. In other words, the number of fluorine atoms on the
surface of the first copper layer can be reduced to some extent
prior to the cleaning step. Accordingly, 1t becomes possible to
substantially completely remove a contaminant, such as a
fluorine-containing polymer film, from the surface of the
copper layer by collision and reaction of argon 10ons or oxygen
ions with the surface of the copper layer 1n the cleaning step.

In the first embodiment and the second embodiment,
although the 1instances of subjecting, to plasma treatment, the
first wiring layer and the first copper layer that are exposed for
the formation of the second wiring layer have been described,
the mvention 1s not limited to these instances. The method of
the mnvention 1s applicable to any purpose insofar as 1t 1s to
remove a contaminant from the surface of copper which 1s
contaminated through etching using a fluorine-containing
gas.

For instance, the invention 1s applicable to methods of
manufacturing semiconductor devices having copper wiring.
In this sense, the mvention may be directed to a method for
manufacturing a semiconductor device, which 1s character-
1zed by comprising the steps of forming an insulating film on
copper wiring, etching the insulating film by use of a fluorine-
containing gas to form an opeming reaching the copper wir-
ing, and subjecting, to plasma treatment, a surface of copper
exposed at the bottom of the opening. The step of forming the
opening and the plasma-treating step can be carried out in the
same chamber. After the step of forming the opening, the
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chamber may be evacuated to substantially remove a fluorine-
containing gas and a fluorine component dertved from the
fluorine-containing gas from the chamber, followed by the
plasma treatment. The 1nsulating film may be made of either
a silicon nitride film, or a film wherein a silicon oxide film 1s
built up on a silicon nitride film.

The features and advantages of the present invention may
be summarized as follows.

According to one aspect, a contaminant such as a fluorine-
containing polymer film 1s removed from an exposed surface
ol a copper layer, so that the surface of the copper layer can be
brought to a state where a native oxide film 1s formed. This
enables the copper to be prevented from corroding with mois-
ture 1n atr.

Obviously many modifications and vanations of the
present invention are possible 1n the light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims the mvention may be practiced other-
wise than as specifically described.

The entire disclosure of a Japanese Patent Application No.
2003-038320, filed Feb. 17, 2003 including specification,
claims, drawings and summary, on which the Convention
priority of the present application 1s based, are incorporated
herein by reference 1n 1ts entirety.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device
comprising:

preparing a first interlayer insulator film including copper

wiring and supported by a semiconductor substrate;
forming an msulating film on said copper wiring;
forming a second interlayer insulator film on said insulat-
ing {ilm;
forming a via hole 1n said second 1nterlayer insulator film,
said via hole including a first opening reaching said
insulating film;
ctching said insulating {ilm at the bottom of said first open-
ing 1 a first plasma discharge within a gas mixture
including fluorine and thereby forming a second open-
ing reaching said copper wiring;

after said first plasma discharge 1s once extinguished, and

betfore exposing said second opening to the atmosphere,
treating said copper wiring at the bottom of said second
opening with a second plasma discharge, thereby
removing contamination, including a polymer contain-
ing fluorine, from said copper wiring; and

during treating said copper wiring with said second plasma

discharge, applying a bias power between a first elec-
trode supporting said semiconductor substrate and a sec-
ond electrode, opposite said first electrode, with said
semiconductor substrate between said first and second
clectrodes, and maintaining surface temperature of said
first electrode at no more than 25° C.

2. The method of manufacturing a semiconductor device
according to claim 1, wherein said 1nsulating film 1s a silicon
nitride film.

3. The method of manufacturing a semiconductor device
according to claim 1, wherein said gas mixture includes at
least one of tetrafluoromethane and trifluoromethane.

4. The method of manufacturing a semiconductor device
according to claim 1, including establishing said second
plasma discharge 1n an ambient selected from the group con-
sisting of argon, oxygen, hydrogen, nitrogen, a mixture of
hydrogen and nitrogen, a mixture of oxygen and argon, a
mixture ol nitrogen and argon, and a mixture of hydrogen and
argon.

5. A method of manufacturing a semiconductor device
comprising;
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forming a first dielectric layer supported by a semiconduc-

tor substrate;

forming a groove 1n said first dielectric layer;

depositing a first barrier metal layer 1n the groove;

depositing a first copper layer on said first barrier metal

layer 1n the groove to form wiring;

depositing an msulating film on said first dielectric layer

and said wiring;

forming a second dielectric layer on said isulating film;

etching said second dielectric layer to form a via hole

reaching said insulating film;

etching said insulating film 1n said via hole with a gas

mixture including tfluorine to expose a part of said wir-
ng;

belore exposing the part of said wiring that 1s exposed by

ctching and said via hole to the atmosphere, plasma
treating said wiring 1n said via hole to remove contami-
nation, including fluorine, from said wiring;

depositing a second bafiler metal 1n said via hole;

depositing a second copper layer on said second barrier

metal; and

during plasma treating said wiring, applying a bias power

between a first electrode supporting said semiconductor
substrate and a second electrode, opposite said first elec-
trode, with said semiconductor substrate between said
first and second electrodes, and maintaining surface
temperature of said first electrode at no more than 25° C.

6. A method of manufacturing a semiconductor device
comprising:

preparing a first interlayer msulator film including first

copper wiring and supported by a semiconductor sub-
strate;

forming an insulating film on said first copper wiring;

forming a second interlayer insulator film on said msulat-

ing film;
forming a first opening in said second interlayer insulator
f1lm, said first opening reaching said insulating film;

etching said msulating film at the bottom of said first open-
ing 1 a first plasma discharge within a gas mixture
including fluorine and thereby forming a second open-
ing reaching said first copper wiring;

before exposing said second opening to the atmosphere,

treating said first copper wiring at the bottom of said
second opening with a second plasma discharge to
remove contamination, including a polymer contaiming,
fluorine: from said first copper wiring; and

during treating said first copper wiring with said second

plasma discharge, applying a bias power between a first
clectrode supporting said semiconductor substrate and a
second electrode, opposite said first electrode, with said
semiconductor substrate between said first and second
clectrodes, and maintaining surface temperature of said
first electrode at no more than 25° C.

7. The method of manufacturing a semiconductor device
according to claim 6, wherein said insulating film 1s a silicon
nitride film.

8. The method of manufacturing a semiconductor device
according to claim 6, wherein said gas mixture includes at
least one of tetratluoromethane and trifluoromethane.

9. The method of manufacturing a semiconductor device
according to claim 6, comprising, after treating said {first
copper wiring with said second plasma discharge, depositing
a second copper wiring 1n said first and second openings.

10. The method of manufacturing a semiconductor device
according to claim 6, including establishing said second
plasma discharge 1n an ambient selected from the group con-
sisting of argon, oxygen, hydrogen, nitrogen, a mixture of
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hydrogen and nitrogen, a mixture of oxygen and argon, a
mixture of nitrogen and argon, and a mixture of hydrogen and
argon.

11. A method of manufacturing a semiconductor device
comprising;

preparing a {irst interlayer msulator film imncluding copper

wiring and supported by a semiconductor substrate;
forming an 1nsulating film on said copper wiring and said
first interlayer msulator film;

forming a second interlayer insulator film on said insulat-

ing film;
forming a first opening 1n said second interlayer insulator
f1lm, said first opening reaching said isulating film;

ctching said msulating film at the bottom of said first open-
ing 1n a first plasma discharge within a gas mixture
including fluorine and thereby forming a second open-
ing reaching said copper wiring;

alter said first plasma discharge 1s once extinguished, and

betfore exposing said second opeming to the atmosphere,
treating said copper wiring at the bottom of said second
opening with a second plasma discharge, thereby
removing contamination, mcluding a polymer contain-
ing fluorine, from said copper wiring;

alter treating said copper wiring with said second plasma

discharge, forming a native oxide film on a surface of
said copper wiring that has been exposed by etching of
said insulating film;

after forming said native oxide film, forming a barrier

metal layer at the bottom of said second opening and on
sidewalls of said first and second openings; and
depositing a copper layer 1n said first and second openings.

12. The method of manufacturing a semiconductor device
according to claim 11, wherein said insulating film 1s a silicon
nitride film.

13. The method of manufacturing a semiconductor device
according to claim 11, wherein said gas mixture includes at
least one of tetrafluoromethane and trifluoromethane.

14. The method of manufacturing a semiconductor device
according to claim 11, including establishing said second
plasma discharge 1n an ambient selected from the group con-
sisting ol argon, oxygen, hydrogen, mitrogen, a mixture of
hydrogen and nitrogen, a mixture of oxygen and argon, a
mixture of nitrogen and argon, and a mixture of hydrogen and
argon.

15. The method of manufacturing a semiconductor device
according to claim 3, including, during treating said copper
wiring with said second plasma discharge, applying a bias
power between a first electrode supporting said semiconduc-
tor substrate between said first and second electrodes, and
maintaining surface temperature of said first electrode at no
more than 25° C.

16. A method of manufacturing a semiconductor device
comprising;

forming a first dielectric layer supported by a semiconduc-

tor substrate;

forming a groove 1n said first dielectric layer;

depositing a first barrier metal layer 1n the groove;

depositing a first copper layer on said first barrier metal

layer 1n the groove to form wiring;

depositing an nsulating film on said first dielectric layer

and said wiring;

forming a second dielectric layer on said insulating film;

etching said second dielectric layer to form a via hole

reaching said insualting film;

ctching said insulating film 1n said via hole with a gas

mixture mncluding fluorine to expose a part of said wir-
12,
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belore exposing the part of said wiring that 1s exposed by
ctching and said via hole to the atmosphere, plasma
treating said wiring 1n said via hole to remove contami-
nation, including fluoryne, from said wiring,

after plasma treating, forming a native oxide film on a
surface of said wiring that has been exposed by etching
of said insulating film;

after forming said native oxide film, depositing a second
barrier metal layer 1n said via hole; and

depositing a second copper layer on said second barrier
metal layer.

17. A method of manufacturing a semiconductor device

comprising:

preparing a first interlayer insulator film including first
copper wiring and supported by a semiconductor sub-
strate;

forming an insulating film on said first copper wiring;

forming a second interlayer insulator film on said msulat-
ing {ilm;

forming a first opening in said second interlayer insulator
f1lm, said first opening reaching said insulating film;

etching said msulating film at the bottom of said first open-
ing 1 a first plasma discharge within a gas mixture
including fluorine and thereby forming a second open-
ing reaching said first copper wiring;

belore exposing said second opening to the atmosphere,
treating said first copper wiring at the bottom of said
second opening with a second plasma discharge to
remove contamination, including a polymer containing
fluorine, from said first copper wiring;
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after treating said first copper wiring with said second
plasma discharge, forming a native oxide film on a sur-
face of said first copper wiring that has been exposed by
etching of said insulating film;

alter forming said native oxide film, forming a barrier

metal layer in said second opening; and

alter forming said barrier metal layer, forming a second

copper wiring 1n said second opening.

18. The method of manufacturing a semiconductor device
according to claim 17, wherein said insulating film 1s a silicon
nitride {ilm.

19. The method of manufacturing a semiconductor device
according to claim 17, wherein said gas mixture includes at
least one of tetrafluoromethane and trifluoromethane.

20. The method of manufacturing a semiconductor device
according to claim 17, including establishing said second
plasma 1n an ambient selected from the group consisting of
argon, oxygen, hydrogen, nitrogen, a mixture of hydrogen
and nitrogen, a kixture of oxygen and argon, a mixture of
nitrogen and argon, and a mixture of hydrogen and argon.

21. The method of manufacturing a semiconductor device
according to claim 17, including, during treating said {first
copper wiring with said second plasma discharge, applying a
bias power between a first electrode supporting said semicon-
ductor substrate and a second electrode, opposite said first
electrode, with said semiconductor substrate between said
first and second electrodes, and maintaining surtace tempera-
ture of said first electrode at no more than 25° C.
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